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ABSTRACT 

This report contains a summary of the work 

during the three months ending September JO,  1953 on  the 

development of desipn and manufacturing techniques of high 

KVA types of transmitting  capacitors,  and is the third 

q-arterly report   inner this contract -- .'Obsr-57v5S»     He- 

suits of measurements of equilibrium temoercture under 

rr.dicfrequency operation or s-r.ples prepared in  specified 

ways are presented and aiscussed.     Th ?  eifect on per- 

formance of the nature of the  electrical connections and 

of the   potting \;LY  is   shown.     The  dependence of  hot   spots 

at the  surface of the  capacitor on the   internal arrange- 

ment  of the  components  i:   ','iscussed *nd the effect  of 

this on the inferred power fs ctor of the capacitor is 

shown,     .^n outline of the  proposed  program  for the   next 

three months period is appended. 
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CAFACIT0R3,   HI"H KVA TW.NSriTTr'G TYPES,  GLAS3 DI.2LSCTaIC 

PURPOSE 

The puroose of this program Is the develop- 

ment of design and manufacturing techniques for transmitting 

types of capacitors,  cace  sizes   ?5 through 95, with glass 

as  the aielectric "aterial.     The external design of these 

capacitors will  be kept as close as possible to existing 

forms,   so that they will  be  physically interchangeable 

with nics  capacitors;  and th-:  electrical design will be 

determined  so thr t wh-rever possible they mset the test 

and operating requirements outlined for these capacitors. 

"traight-line  pro r.ction f-cilities will b? set up from 

which p.   ouantity of e'eh type,   to  b<^  produced by these 

methods,  will be  su:pliod to  the i-ureau ef   -.hips  for 

engineering evaluation.    The roals of this research,  and 

the  requirementr. on  it,  aro  set  forth  in the   specification 

Ships-'-^95,   1U *pril,   1V32,  which defines the aims  and 

purnose3 of thia  contract.     Portions  of this  specification 

are  included with the ;-'irsr.   Quarterly  report,   covering work 

from January  1 to 31 .".crch,   1953* 
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G^'ZRAL FACTUAL -ATA 

Personnel 

The following members of the Laboratory 

have spent the designated ar.iount of time on this con- 

tract during this reporting period: 

Brown, D, N., Research Ch3mical ".nginoer 

Fabian, 0, '"., Junior Research Physicist 

Sackinpor, J. P., Research Physicist 

Sprague, i. G., Research Electrical Engineer 

Carlton, Mrs. K., "iesearch Ar sistant 

Connor, Mrs. 2., Junior R:>s-:-arch Assistant 

Enrler, Mis:: P., Junior tesearch Assistant 

Uncaphcri Mrs. L., Junior Iteseerch Assistant 

Arnold, <'.rs. M., Laboratory /, • -istnnt 

Oee, G»   •'.., Laboratory Assistant 

Smith, Dr. r». P., 3 nior Sisearch Associate 

160 hrs. 

323 hrs. 

24^ hrs. 

264 hrs. 

74 hrs. 

119 hrs. 

119 hrs. 

42 hrs. 

146 hrs. 

2;3 hrs. 

93 hrs. 



D2TAILED FACTUAL DATA 

I, Caso and mounting of the capacitors. 

Development work during this period has been 

confined mainly to consideration of andmeasurer.ents on the 

75 size, which is the smallest of the seven sizes to be 

produced. Some design has been done on the larger sises, 

and all work has been planned so that the information 

gained on one size -vill be usable for other sizes. In 

crd'-r t . rr^ke this information as common to all sizes as 

possible, we hav- decided that, except possibly for the 

very lowest capacitances, -.11 the component stacks will 

be of the conventional types, with all dielectrics in 

parallel within the st ck, rather than the shielded foil 

construction in which the arr-. nger.ent is a series-parallel 

one. These all-parallel components are adaptable to 

st--eking by au'.omatic or ?e.mi-automatic methods.  The 

completed capacitor is t:.en formed of as r.any components 

in series as are necesaary to m-.et the test or radio- 

frequency operating voltages, and as many in parallel 

as are necessary to meet th? required capacitance. For 

mechanical reasons this as~erbly is included within a 

suitable container, which, will in every instance be inter- 

changeable with its mica capacitor counterpart.  'he wall 

of the container is a right cylinder of t'lass tubing, 

which for the 75 size is ao^roximately 2.5" O.D. and 

2h'1  long, with ,1' wal'. The end plates are 1/8'' brass 

with specified peripheral .ir.ensions. A band near the 
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ends of the rlass cylinacr nay be netallizod and the brass 

plates soldered thereto.  This seal has boen made in 

experimental copacitors by -".e^ns of a synthetic rubber 

tase, two component, industrial sealing compound 

(vinnesota i'linin--7 and Ixnufacturing Co. EC801).  rre- 

liminary tests show the t this adhesive remains fairly 

flexible at "" c and stable up to perhaps 150°C. Com- 

pared to a s Ider joint, an adhesive joint seems to have 

the advent'ges of economy and case of fabrication.  The 

use of such material will be investigated further through 

vibration and thermal cycling. 

II.  Electrical design of the capacitors. 

"ominal vclves of capacitance chosen for 

initial work in case size "5 are 1000, 10,000 and 100,000 

mnfd. The specified radiofreqaency power at 1 megacycle 

is a maximum in the region of 10O0 mmfd.  For capacitances 

rreator than 10,000 .rfd, the specified radiofrequency 

rower is markedly reduced -- tne specified radiofrequency 

currents increase very little with capacitance above this 

value, /."proxinately 350 volts tt radiofrcquencies hss 

b>en taken to be the point of onset of corona for these 

component stacks with .OOP'7, thick dielectric, and about 

700 volts, 60 cycles AC, as a safe life tost rating for 

the same thickness of glass.  These values are derived 

from earlier reports and citid references, kt  low 

cap*citances, therefore, the expected voltcge of corona 

onset determines the design, and at 1 igher c; pacitances, 
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the life test requirements sr3 the controlling criteria* 

For different frequencies this breakover occurs at 

different capacitances; the rbove two capacitances are 

within this region. Table I shows the construction re- 

sulting from trete considerations. 

7- kble I 

Capacitance RF 
.3mc 

Voltage 
l.mc 

Peak working 
Voltage 

100 mcfd 4340 3130 6000 

1000 2720 1200 6000 

10000 920 320 40C0 

100000  " 135 35 1000 

Components Total Stack 
in Series  Capacitance 

14 

8 

5 

2 

19,600 

o4,000 

250,000 

400,OOf 

« 

Firure I displays the results on a CY75, 

nominally 1000 nr f d, for the equilibrium temperature of 

ffn arbitrary spot on the surface of the cylinder versus 

circulating power.  The particular wax used, a low power 

factor microcrystalline type of wax, began to melt in the 

region of 75°C — about 50-^C temperature rise.  The in- 

ferred power factor for less than this temperature rise, 

derived from equilibrium measurements on a similar con- 

tainer with a resistor enclosed, is .25'/>« The peculiar 

shape of the curve, and the relatively larr.e fluctuations 

indicated i.; the ecuilibrlum value for some of the points, 

are probably the result of the wax within the cepatitor 

melting, allowing thermal currents to form.  The results 

on another sample are shown as serial number two, with a 

derived power factor of •ll£« These power factors are 
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much higher than expected. Disnantlin*? one of these 

samples and replacing; the terminal straps with heavier 

material did not significantly affect these results. 

It was auspected that a relatively large resistance 

existed at the series connections between the stacks. 

/. special tool had been designed to fold a heavy 

aluminum or other metal clip around the exposed foils 

of the capacitor stacks, and to crimp them together. 

•»-t was considered possible that the potting wax, whose 

function in this design is rrimarily mechanical, had 

entered the^e crimped joint.; and increased their re- 

sistance. Several joints v/ero made and their resistance 

measured by n Kelvin liouble bridge method. Results are 

shown in Table IIf for resistances of these joints in ohms. 

Table II 

No. 

A 

P 

C 

D 

E 

Type Joint Resistance 
B-fore vaxing 

Al foil to Cu - crimped  1900 x 10~° 

Al foil to Cu - crimoed 1710 x 10~6 

-6 Al fcil tc Cu - spot-welded440 x 10 

Al foil to Cu - "    "  370 x 10~6 

Al foil to Al - crimped  3320 x 10"6 

Resistance 
After Waxing 

321,0 x 10~6 

3620 x 10"6 

*-6 440 x 10 

370 x 10 

12200 x 10 

-6 

-6 

It  is  seen that there was  no  chanre in the  resistance 

before r.nd after waxing for spot-welded joints,  but 

that there wa*^ a  larr i  change for crimped joints.    To 

determine the number of av:>r?~e-.~ized  spots necessary, 

the measurements detailed  in Vable III were made. 



Table III 

k 

'-ample No. 

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

No. of "'elds 
(per 1-1/4") 

3 

3 

3 

6 

6 

6 

9 

9 

12 

}2 

12 

Resistance (micro-ohms) 
Measured     Average 

565 

567 

527       553 

479 

510 

520        503 

469 

430 

530        493 

510 

470 

470        433 

Above 6 snot-welds, or about 5 p^r inch, th • decrease 

in resistance is very small, snd may be neglected com- 

pared to the total of the resistance elements in the 

capacitor.  Firure 2 shows the behavior at 1 megacycle 

of two sep rate 1000 mmfd 75 size crpacitcrs with 

welded joints. The derived power factors are .09O/o and 

,072,"J. These results are collected in Table IV, with the 

circulating p^wer at 1 meg<" cycle to ive 15°C temperature 

rise in air. 
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Table IV 

CY75-102-1 1182 .115 .25-.17 

CY75-102-2 1190 .095 .11-.094 

CY75-102-3 1069 .07 .09 

CY75-102-4 1036 .07 .072 

Capacitor      Measured    PF at    PF at PF at Circulating Power 
flo. Capacity    1 Kc.    1 He.  in      1 Kc.  in    at 1 Mc in Air for 

(mmf) (*)      Air  (ji)        Oil  (i)      15°C  case Temp. 
Rise (KVA) 

1.45-2.1 

3.4 -3.9 

.077     4.1 

5.1 

It is S3en that even for the lowest power factor so far 

achieved the circulating power at 1 megacycle for 15°C 

rise is about 5 KVA. This is to ber-comp-red to 9 KVA im- 

plied by the rated current cf 7.5 amperes at this fre- 

quency.  To meet this requirement, the power factor will 

have to I e reduced to approximately ,040>a. 

In the rlass crpacitor stacks the electrodes, 

which ar*> .00O25'- or .00017" thick aluminum foils, -re 

scaled to the glass and of course make good thermal con- 

tact.  These foils extend out from the capacitor stfck 

edres, and are near and in some instances touching the 

inside surface of the glass cylinder, whose wall thickness 

is only .1 .  Therefore any energy renerated within the 

dielectric is very quickly removed to the walls of the 

container.  For a ($iven surface temperature it follows 

that the dielectric temperature is certainly lowar than 

for a capacitor potted in a conventional thick-walled 

ceramic bousing. Also at equilibrium, variations in 

temperature over the urface of the glass will be 

greater. To find the magnitude of this effect, a capacitor 
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c> case was filled with some capacitor stacks of about the 

same size and ~eometry as in an actual capacitor, and 

these were wound with a reristance wire. After sealing 

this was then immersed in an oil bath, and the tempera- 

ture rise of the circulating oil was measured in terms 

v of watts dissipated.  The capacitor designated as number 

3, which had power factor •09O/> inferred from the riss 

in temperature of a particulrr spot on the case in air, 

was then immersed in this same bath. Figure 4 shews 

results of this determination based on the slope of the 

strairht line of Figure 3* The 3*k>pe of the straight 

line best fitting these points is .077/*. This repre- 

sents more nearly jn average temperature rise for the 

te3t capacitor. 

The construction of thi capacitor will 

require, we believe, som<- kind of a mechanical support 

Tor tl e capacitor stacks within the case. A wax or re- 

sin will be most suitable — because the case can be 

sealed we need impose no moisture seeling requiroment 

on the wax. ' re need only require that it have sufficient- 

ly hirh melting point and be sufficiently plastic at 

low temperature.  In addition, because we cannot completely 

avoid inter-stack and other stray capacitances, it should 

have a reasonably low power factor, and reasonably high 

resistivity.  Lielectric constants of usable materials 

will all be a*"out tie seme, so that this latter is a 

secondary consideration.  Several waxes are being tried 

for their suitability in the light of the above criteria- 

most of them appear to be reasonably satisfactory. 
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COHNING GLASS WORKS 

PROJECT  ?Ei(FORMANCE AND SCHEDULE 

Contract  NObsr-5755d 

1.    background,   correlation 
with  concurrent  research 

September,  1953 

Component  (stack)   design 
Dwsi/n and development 
:i<0*»ciric strenrth  t*»?t   ri"V"i 1 'K^   c*-^-' 

t- 
T ••V-"^-4--' 

^.Lrt"^•*,rt:^*-st:^N'»i        .   ~ =q 
pr$s r^3:>'t^«s?r-^^^^ 

Corona voltare testa 
F."He frequency tests 
Lifo  teats 

3.    Capacitor design 
r-slnn and development 
Dielectric strength teat 
Radiofrequency teats 
Vibration tests 
Koisture  tests 
Life  teats 

4.     Hidiof regency oscillator* 
Design 
Cht&in material and   luild hn.?tr^t"1   V. t:JJO 
Test ^T 

f \ ITr»* "*-<i_ .ZTT~Z 

4  -f 
t 1    1-1 
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5. Life test   equipment* 
Deal gn 
Obtain material and build 
Test 

6. Production fecllitiee 
Layout 
Obtain  'c build  equipment 
Complete facilities 

7»     Production of capacitors 
Components 
Capacitors 
Forfontw.nce tests 
Delivery 

8.    ^tfer engineering 
Final   report 
Microfilm 
intent   'li3closires 

«• — 

»    I 

-4~- 

T-: 

J . 

•Necessary  for performance  tests,   but  to he  supplied  by Corning Glass 
Vorks. 

FIGURE 5 
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PROGRAM FOii !.;XT IMTCRVAL 

The program r.f work for the next interval 

is diagrammatically presented in the Project Performance 

and Schedule, Figure 5. The evaluation of the perform- 

ance of specified crpacitanc s in various case sizes 

will be continued. The generr 1 design will be that of 

unit components in a series-parallel array within a 

container of standard size. Work on reduction of hot 

spots on the surface of the container will continue, 

perhaps by creation of an artifical isothermal sur- 

face. An analysis of the interrelation of the re- 

quired components frr the various capacitances and case 

sizes will continue, so that thnir number can be re- 

duced to a minimum.  Additional investigations will be 

necessary to find the optimum potting wax and case 

•dhesives* 

80-0101^-10 

.O 
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